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Discussion. 
The President. The PRESIDENT moved a  hearty vote of thanks  to  the  Author  for 

his  Paper, which  described  a novel  mode of dealing  with  a  very 
difficult  piece of work. 

The Author. The  AUTHOR exhibited a number of lantern-slides  illustrating  the 
progress of the work. 

Mr. Matthem. Mr. WILLIAM  MATTHEWS,  Vice-President,  desired first to congratu- 
late  the  Author on his interesting  Paper,  and  to  thank him  for 
the  full  details given in it of the difficulties which  had  been en- 
countered, and  the procedure  adopted to overcome them. He 
also wished to refer,  as  no  mention was made of them in  the  Paper, 
to two  incidents which occurred in  the early  stages of the design 
of the work. When  his firm was instructed to prepare the designs 
for  the work and  to  report upon it to  the  Hodbarrow  Mining 
Company's directors, they  thought it desirable, in justice to  the 
company and  in view of the novel  character of the work-particu- 
larly  the difficulties with  regard  to the bottom and  to making the work 
water-tight-that a second opinion  should be taken  with regard to 
the engineering features of the undertaking, especially with  regard 
to water-tightness.  They  consequently recommended the directors to 
obtain  such an opinion  from the  late Mr. James Mansergh, Past- 
President  Inst. C.E.  Mr.  Mansergh  very  kindly  undertook the 
duty ; he visited the  site  and  went very  carefully into  the  matter, 
subsequently reporting  to  the  directors  that he thought  the proposed 
scheme  might be adopted  with  a fair prospect of success. The 
directors were then satisfied with  regard  to the scheme  proposed, 
but  the representatives of Lord  Lonsdale, who  held the mineral 
rights on the foreshore, thought  they also  would like  to have a 
separate  engineering  opinion, and  they consulted Sir Benjamin 
Baker,  Past-President  Inst. C.E. The  plans and  reports were laid 
before Sir Benjamin, who visited the  site ; and  he also reported in 
favour of the work.  Mr.  Matthews thought it was only just  to  the 
engineers  he  had  mentioned that he  should  make  reference to  them, 
and  he desired to  thank  them for their  kind co-operation in carrying 
out  the work. With regard to  the form of the works, the mode of 
procedure  adopted  by the Hodbarrow  Company in carrying  on  their 
mining-operations would be  described by Mr.  Vaughan, the Managing 
Director;  but,  shortly  stated,  the plan  adopted was that ore 80 
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feet  to 100  feet  thick wqs taken  out  and  the whole ground was Il[r.Matthews. 
allowed to subside ; the working  proceeding  from the land  end sea- 
ward.  The  result  had been that  in 1884  he was requested, in  the 
absence of Sir  John Coode, to  report  to  the directors on the sea-defence 
works, which at   that  time  were the sole sea-barrier  to the property. 
As  the  result of the abstraction of the ore, and  the consequent 
subsidence of the ground  on  which the sea-defence  works  existed 
in 1884, those works  now lay a t  a depth of 60 feet below high- 
water  mark.  The  sea-wall  subsequently  constructed, which  enclosed 
an area of about 25 acres, consisted of concrete in mass, with a 
facing of concrete blocks and a backing of clay, the wall being  lined 
immediately a t  its back  by a  puddled wall. The wall and embank- 
ment  were completed in 1890, and  until 1898 the work was 
absolutely water-tight,  and no  trouble was experienced in connection 
with the mining. But, one  morning,  a hole about 60 feet in diameter 
was  discovered on the foreshore, and it was found that a  connection 
had  been  made  between the  tide outside and  the  sand seam which 
existed in  the mine  about 120 feet below the foreshore-level. 
The  result was that a  considerable quantity of water  got  into  the 
mine, and  there was great danger of the mine  being flooded. 
Fortunately, however, one  morning, in a few  seconds, the clay backing 
to  the wall dropped, and  shut off the  water as effectually as would 
have  been  done by a sluice. That subsidence of the clay gave 
his &-m  the idea of making  an embankment of a flexible instead of a 
rigid  character,  as  had been the case with  the old  wall. Although the 
backing  dropped  about 4 feet 6 inches in a few  seconds, the sea- 
wall  was  held up  in  front of it. As the  Author said, it showed 
some signs of distress ; nevertheless, it had  not  altered to  the  present 
day since the  time when the scour occurred a t  such a considerable 
depth  underneath it. Before the Outer  Barrier was designed,  a 
more than usually  numerous  set of borings was made by the Hod- 
barrow  Mining  Company, who had  in  their employ a staff of skilled 
men, accustomed to making  borings  on their  property. As would  be 
seen from the  longitudinal section, if the engineers  had  purposely 
placed the borings so as to deceive the contractors  with  regard to 
the level of the clay  bed, he  did  not think  they could have 
placed them in  better positions. It would  be noticed that  they 
came at   the tops of ridges, and between the borings in some  cases 
very  considerable declivities in  the clay  bed were  afterwards  found 
to  exist, one of which ran down to a depth of 43 feet below  low 
water of ordinary spring-tides. I n  earrJ-ing out  the older  work the 
same  kind of bottom,  boulder clay,  was met  with ; two or three 
places were discovered where the clay  had  pinched  out, and  a bed 
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Mr. Matthews. of running  silt had to be contended  with. But  the difficulties  con- 
nected with  this first  work were infinitesimal compared with  the diffi- 
culties experienced with the bottom in  the case of the Outer Barrier. 
As described by  the  Author, changes took place a t  almost  every few 
feet of the work in the character of the clay bed and in the 
existence of the live-silt strata, which  sometimes  came to  the surface, 
and was  sometimes met  with a few feet below it. In designing the 
Barrier,  the first main object in view had been, to provide a heavy 
structure which  would  compress the  stratum of sand  on which the 
work  had to  be  constructed. For a length of about 1,200 feet, 
where the clay apron was  shown in Fig. 3, Plate 4, there was no 
water-tight  bottom at all, and  the work  had to be constructed  on 
sand. It was very important  to make the  structure of such a 
character at that place that,  in  the  event of any creep occurring 
underneath  the  seat of the  bank,  the  bank would settle down and 
stop  the creep so as  to  prevent a blow underneath ; and  he believed 
the design had been successful in doing that.  The  Paper de- 
scribed what occurred after  the completion of the work in  the way 
of “ sweating.” Mr.  Matthews  had seen the same kind of thing once 
or twice before, but in the  present  instance  the dampness covered a 
large  area.  The  area of the clay apron  was  about 4 acres, and  the 
effect of the  apron had been, he believed, to stop completely the 
slight  sweating due  to  the  variation of the  head of water in con- 
sequence of the  tidal rise and fall. One peculiarity  about the work 
was that it was  exposed to a variable pressure. If it had been 
exposed to a constant  pressure, possibly an engineer would hare 
hesitated  somewhat  before  carrying  out the work in the way 
in which it had been done;  but  ‘inasmuch  as  the pressure wtas 
intermittent, and the  extreme pressure  existed  only a t  high 
water, it was thought by his firm when they first proposed 
the design-and the idea was supported  by the  late  Mr. 
Mansergh and also by Sir Benjamin Baker-that that mode 
of construction would  be perfectly safe. Again, they designed 
the cut-off of steel sheeting of such a length that  they calculated 
it would not be  possible, looking at  the weight on  the top,  for 
water to creep underneath,  and  he believed experience had shown 
that  that idea was correct. Another  peculiarity  about the work was 
that it not only  had to be  water-tight, but also had to resist moder- 
ately heavy seas. Thus  the difficulties, both of construction and of 
design, were considerably greater  than in making an ordinary 
water-tight  embankment.  The  Barrier was about l+ mile in length, 
and  the maximum head on it was about 22 feet a t  high  water 
of spring-tides, and  about 15 feet a t  high  water of neap-tides; 
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and,  as  the  Author mentioned in  the Paper, the  quantity of water Mr. Matthms. 
excluded a t  high  water of spring-tides was about 105 million  cubic 
feet.  The  sheeting was a most interesting  feature of the work. ' The 
engineers  had decided to adopt that sheeting for the following reasons. 
The  present was the  third  contract  his firm  had  had the pleasure of 
carrying  out  for the Hodbarrow  Mining  Company in conjunction  with 
Messrs.  Aird, and  in  the previous  work,  before 1890, some difficulty 
had been experienced in  getting  the  piling down.  Cast-iron  sheeting 
was accordingly tried,  but  with only  moderate success, the sheeting 
being  broken  by the boulders in  the clay. Wrought-iron  sheeting 
was therefore  tried  as an alternative,  with  complete success. I n  con- 
sequence of that, his  firm  had  gone to work  with the  data  obtained 
from  the former sea-wall, and  had devised the new steel sheeting for 
the  Outer  Barrier. As it was a novel  mode of construction,  he  had 
thought it important-looking at   the interests involved and  the  extent 
of the work-that,  before  proceeding  with the steel  sheeting, an ex- 
periment  should be made with a length of it, in ground  corresponding 
with that  into which the permanent  sheeting was to be driven. It 
was fortunate  that such an experiment was made, because it showed 
exactly  where the defects of the original  design were, and  after careful 
examination it had  been possible to rectify  them.  The  result was 
that a  perfectly successful steel  sheeting was obtained, and  a mode of 
construction  which could  be recommended  with confidence to  any 
engineer who had  similar  work  to do, as affording  a  very  satisfactory 
cut-off. The closing of the  Barrier  had been  a  very  anxious job, owing 
to  the enormous quantity of water  which  had to be excluded.  The 
date selected for the closing had been  governed  by the considerations 
that, first, it was  most desirable to do it in  the summer,  when the 
weather was likely to be fairly fine, and secondly, it was of extreme 
importance to close the  dam a t  a neap-tide  when the water was very 
low. Both  those  conditions  had been fulfilled : the work  had  been 
successfully closed by  dropping the  thirty-six sluices, as  the  Author 
had explained, and on the  tide  rising  again  the  Barrier  had been 
found to be practically water-tight.  The  little  runnels  to  which the 
Author  referred  were  extremely  small  on so large an area,  and for 
all practical purposes the work was tight before the clay  apron was 
put there.  Permanent sluices had to be provided,  inasmuch as  the 
rainfall of the  district was 45 inches  per  annum. With  that  rainfall 
over 170 acres of foreshore,  which also formed a catch-pit  into which 
the land-drainage came, it was  necessary to provide  means  for 
letting off the water.  Mr. Vaughan  had informed  him that  he was 
now arranging  to  pump  out  the leakage-water and  rain-water so as 
to close the sluices permanently. The Hodbarrow  Company  did not 
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Mr. Matthew. like  the idea of the sluices being there  in  the  event of complications 
arising  with  the workmen, or in  the event of a strike  taking place, 
because  possibly damage  might be done to  the sluices, through malice, 
which  would involve  danger to  the ore-workings.  These  workings, 
which were about 300 feet below the surface of the ground, had 
now extended beyond the sea-wall, and  the  time was not far 
distant when that wall would share  the  fate of the former sea- 
defence works. He  thought very interesting  data would be 
obtainable  when that wall began to  break  up  and  settle,  with 
regard  to  the  strength of concrete  beams and of unsupported 
concrete. He  had  therefore  arranged  with  Mr.  Vaughan to 
divide the wall into sections, so that accurate  observations 
might be made of what occurred,  with a view to  introducing 
into  the Proceedings a t  some future time,  as  an  addendum  to  the 
present  Paper, the  actual  results produced in  the settlement of the 
wall  when it broke  up.  One  thing  not mentioned in  the  Paper which 
he  thought  ought  to be stated was that  the  total cost of the work 
was about A560,OOO. Few private companies, he considered, would 
have the courage to undertake a work of that  kind;  and now 
that it had  been  successfully  carried out  he  trusted  the  directors 
would meet  with the reward  which was due to them. I n  em- 
barking  on  such an enterprise,  where so many  risks  had to be 
taken,  he  thought it was a great comfort to  the engineer to be 
allied with a good contractor. In   the  present case his  firm had 
been specially fortunate. Messrs. Aird  had command of an ex- 
cellent staff and of unlimited  plant,  and  all  their  resources  had  been 
placed at   the disposal of the engineers. At  one time  he believed 
there were as many as thirty-two  steam pile-drivers a t  work, 
and  innumerable  pumping-appliances.  The  contractors’ interests 
had  been looked after by Mr. William  Liddle,  one of the most 
capable agents it was  possible to have  on  works ; and  the engineers 
had been fortunate also in having a good resident engineer, as the 
members would gather from what  they  had seen of him that 
evening. 

31~. ~ ~ ~ ~ ~ l : ~ ~  Mr. CEDRIC VAUQHAN remarked that probably the question  which 
was uppermost in  the minds of all the members was,  why did the 
Hodbarrow  Mining  Company  build  two  embankments  when  one 
would have sufficed ? He would explain  shortly how that had come 
t o  pass. The  irregularly  shaped  area on the  right of the plan 
(Fig. 1, Plate 4) indicated the  first discovery of ore. When  that ore 
was found,  Lord  Lonsdale  granted the company a lease of the 
minerals  extending  far  away to the west, beyond the  limits of the 
plan, and also far  to  the  north,  the  southern  boundary of the lease 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



Proceedings.] HODBARROW IROX MINES, CUMBERLAND. 195 

being  high-water mark of ordinary spring-tides, beyond  which the Mr. Vaughan. 
company  had  no power to go. When  the ore  had  been  extracted 
from  the  larger deposits, the ground  subsided a t  a slope of about 
1 to 1 ; thus it was impossible  for the company to work up  to  the 
boundary of the lease, otherwise the sea would have  been let  into 
the broken  ground ; and it was necessary to leave a belt of ore 
360 feet wide,  which at  that  part of the deposit was about 100 
feet  thick.  Thus a very  large  quantity of ore  had  to be left, to 
protect the workings  from the sea. Drift-ways in solid ore  were 
carried to  the boundary, and it was found  there was a very con- 
siderable quantity of ore  left  on  the  boundary, clearly proving that 
a body of ore  existed beyond it. Permission was sought  from  Lord 
Lonsdale to bore  on the foreshore for the purpose of ascertaining 
what  ore was lying  there,  but  he was not disposed at   that  time to 
grant permission,  for  reasons which  were best  known to  his advisers. 
The  company  therefore had  to be content  for a time,  and  to work 
on the ore they were  able safely to  extract.  But, at   the same  time, 
the sea was gradually  eating  into the sandbanks  on  the  shore, 
and a timber  revetment  had  to be driven  for the purpose of stopping 
the erosion. As the  Author said in  the Paper,  one  day,  during 
a very  severe  gale  combined  with a high  tide, the timber  revet- 
ment was breached, and it then became quite clear, both to Lord 
Lonsdale and  to  the company, that something would have to be 
done to protect  the mines  from the sea. The  company  thereupon 
suggested to Lord  Lonsdale that if he would not allow them  to explore 
for the mineral  seaward,  he  should allow them to  build an embank- 
ment  to enable  them to work the ore up  to  the boundary. After 
considerable  negotiations,  permission was granted,  and  Sir  John 
Coode,  who had  advised the company  on other occasions,  was  called 
in;   the  first  sea-wall  was  designed and constructed, and it 
answered its purpose, in  that it enabled the company to work the iron 
ore  right  up  to  the  boundary of the  original lease. Subsequently 
Lord Lonsdale granted permission to bore  on the foreshore, and 
accordingly  bore-holes  were put down in sectional lines on  the 
enclosed area,  and it was found that  an enormous  deposit of ore 
existed underneath, which was amply sufficient to  pay for a much 
larger  work.  The  directors  were  considering in  their own minds 
what was the best  means of enclosing the area-because it was quite 
clear that it would have to be  enclosed  before the ore could  be 
worked-when the  unfortunate mishap  occurred to which both Mr. 
Matthews  and  the  Author  had referred, namely, the sea  got down 
underneath  the foreshore and  into  the mines. That caused the 
directors  great  anxiety at   the time, but it eventually  proved a. 
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M ~ .  Vaugbn. blessing in disguise ; for it not only convinced Lord  Lonsdale and 
the shareholders of the company that something would have to 
be done, but was more effectual in hastening  negotiations than 
any  arguments  the company  might  have put forward.  The result 
was that within 2 years of the incident the Outer  Barrier  was 
designed, the contract  let,  and a new lease of the mines 
granted. It might be asked  whether the company was sure  that, 
even  with the new  Outer  Barrier,  all the ore-bearing  ground had 
been enclosed. The  company was not  sure on that point,  but  they 
had  been  limited  by the Board of Trade as  to  the  area which the 
Outer  Barrier  should enclose. Not only the  Mining Company bat 
also the  Iron Company  had a wharf in  the estuary,  and the naviga- 
tion of the  Duddon was an  important one. The  ironworks sent pig- 
iron  from  their wharf to  all  parts of the coast, and  his own company 
sent ore to  the Clyde and elsewhere. The  Board of Trade accord- 
ingly would not allow the company to  take  the  Barrier  out  farther ; 
so that  they  had been obliged to be content  with the work  on its 
present site. Drift-ways  into  the solid ore  had now been  made  about 
halfway  between the old wall and  the new  one, as well as cross 
drifts  towards the east. How  far the ore  extended  he could not 
say  .yet ; but it would be observed from the section that  the con- 
ditions  seaward  were  altogether different from the conditions  on 
the  land side. As the old  wall  was approached, the workings came 
under  a  limestone roof, which became thicker  as it proceeded 
seaward.  The  section  (Fig. 2, Plate 4) was taken  through the 
centre of the plan and  went  rather  to  the west and  south ; if 
the section  had  been to  the east  and  south it would have  shown 
a  much  larger quantity of ore  seaward. I n  working the  ore 
seaward the miners  had a rock roof over them,  and it was very 
doubtful  whether that roof  would  cave in ; personally  he thought it 
would not. I n  all  probability the ore would have to be worked 
from the outside first, leaving the voids behind and working  inland, 
instead of, as  at present,  working  seaward ; but  that remained to 
be seen. It might  interest  the members to know how the  ore was 
worked.  The shafts were situated outside the ore-ground ; a  drive 
was then made underneath  the ore, and a rise was made up  into  the 
ore, in which there were three  main  heights of working.  By that 
means they  had succeeded in draining the superincumbent  water. 
In   the  first  instance the ore was highly  charged  with  water, and  the 
company tried  to  sink  shafts  in  the ground, but failed. When 
he came to  the mines in 1872, he  sank  shafts  altogether outside, 
went down underneath  the ore, and rose  up, so tapping  the  water 
and  draining  the  superincumbent ground. By  adopting that plan, 
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when the pillars were taken  out,  the  ground subsided, and it was Mr. Vaw&an. 
found to be dry. The same  system was  now being followed, but he 
questioned  whether the  ground would  cave in a t  all when they came 
farther seaward and  got  under  the  thick rock roof. If the ore  extended 
underneath  the  Outer  Barrier  and beyond, it must be left  to  posterity 
to find some way of working it. There was  sufficient ore in the 
enclosed area  to keep the company going for the  next 30 years or 
more, and  with  that  he  thought  they would have to be content. H e  
could not speak  too  highly of the way in which Mr.  Matthews  had 
designed the work. H e  had been asked to build a water-tight 
embankment, which  would  also  be sea-proof, on  ground which  was 
practically nothing  but  sand. H e  thought most  engineers would 
have  hesitated to undertake such a job, but Mr.  Matthews  was 
not dismayed. H e  made up his mind to solve the problem, and 
Mr.  Vaughan  thought  the members would agree that  he had solved 
it very well indeed. The  Barrier was to all intents  and purposes per- 
fectly water-tight;  the company was  now working in the enclosed area; 
and  Mr.  Vaughan hoped  some day  they would get  their money back. 

Mr. MATJRICE FITZMAURICE desired to  ask one or two  questions Nr. Fit?- 
with reference to  the most important  part of the work-the  cut-off. maurlcc’ 
The puddle-trench at each end, of a maximum depth of about 13 feet, 
and in which the cut-off  was formed by a &foot  thickness of clay, 
keyed into  the clay at   the bottom of the  trench,  had  no  doubt 
proved rather difficult and troublesome work, having to be done 
under  tidal conditions ; and it appeared that a long  length, which it 
was originally  intended  should  be  done in  this way, was abandoned in 
favour of a cut-off formed of pitch-pine piles or steel piles. Similarly 
a long length of cut-off, which it was originally  intended to form  by 
means of pitch-pine  piling, of a maximum depth of about 28 feet, 
had been abandoned in favour of steel piling. The impression left  on 
his mind, after  reading  the description of the different  kinds of cut-off, 
was that, if the work were to be done over again, probably both  the 
clay and  the pitch-pine  piling would  be abandoned in favour of steel 
sheeting. It would be  interesting to know if that was the engineers’ 
feeling. As regarded the cost, he imagined the cut-off of clay in a 
trench,  under  tidal conditions, was  more expensive than either of the 
other methods, and probablypitch-pine  sheeting,  although the  material 
itself would  be cheaper, would be just as expensive as  using steel. 
It would be  interesting to know also the  rate of work with  the 
different  kinds of cut-of. In a recent  Paper  by  Mr. G. H. Stephens1 

* “The Barrage across the Nile at  Asyfit,” Minutes of Proceedings Inst. C.E., 
vol. clviii, p, 26. 
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Yr. Fitz- reference was made to a  considerable  length of cast-iron sheeting 
maurice. forming  a  similar cut-off. That work also had been carried out by 

Messrs. John Aird & Co., and he believed the first use of cast-iron 
sheeting was due to Mr. Matthews.  Perhaps  Mr. Ellis, who had 
had experience of both  works, could say  something  on the relative 
advantages of cast-iron and  steel  sheeting in different places. Pro- 
bably  where there were  boulders  steel  sheeting was preferable, but 
in sand cast iron  might  be more suitable. Mr. Ellis  might also  be 
able  to give some idea of the relative cost of the two  methods of 
doing the work. It would  be interesting  to know how  deep steel 
sheeting could  be carried-whether it could easily be driven 50 feet 
or whether 34 feet was found to be  about  the practicable  limit. H e  
would like also to know  whether  the  consolidating effect on the ground 
under the  bank contemplated in  the design  had  been  actually  experi- 
enced to  any  extent ; whether,  for  instance, any movement which 
indicated  such compression had  occurred in  the ground at  either  toe 
of the bank. It was stated  that  there  had been  a  certain  amount 
of sweating  inside the  bank where the piles were  deepest and  the 
ground  worst. Could any movement or dislocation of the piles have 
occurred there, owing to settlement of the sand  under the weight 
of the  bank ? He would have thought  that clay would form the best 
cut-off where  settlement  might be anticipated,  but that remained to 
be seen. Thanks were  due to  the  Author for the large  amount of 
detail  he  had given in  the Paper. With regard  to  the cost of the 
work, taking  the  quantities of the bank  as given in  the Table and 
subtracting such matters  as  sheet-piling  and  pitch-pine piling a t  
ordinary  rates,  the  total cost mentioned  by Mr. Matthews (S560,OOO) 
would work out a t  between 5s. and 6s. per cubic yard, which  seemed 
to be a  very  reasonable price for work of that kind,  even  when  a good 
deal of the  material was found  on the site.  The  only  other  point 
upon  which  he  desired  a little  further  information was whether the 
south-westerly gales, which, it was stated, blew strongly  on that shore, 
had caused any damage to  the concrete blocks,  which were  compara- 
tively  light. It would  be an advantage  to  have  a  further  illustration 
of the timber  closing-dam, as Fig. 12, Plate 5, was hardly so detailed 
as  the  other figures. 

Mr. Ellis. Mr. BASIL P. ELLIS much regretted  the absence of Sir John Aird 
and Mr. Aird in consequence of a  domestic  bereavement.  The  most 
interesting point  about the work was undoubtedly the cut-off of 
steel piling. As far  as he  knew, it was one of the largest  systems of 
steel piling that had  ever  been  carried out  'as  a cut-off, and  the 
results showed that it had  been  entirely successful. I n  fact,  he  did 
not think  any  other system would have been successful, having  regard 
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to  the large  boulders  found in the foreshore, a t  varying  depths, some Hr. Ellis. 
nearly as deep as the piling went. With reference to  the points 
raised  by Mr. Fitzmaurice,  cast-iron  sheeting  had  been used a t  
As@, in  Egypt,  with  great success, but  there  the bottom  consisted 
of silt  and  therefore the  driving  had been easy. These piles were 
mostly 16 feet in length. In   the case under discussion, however, 
cast-iron piles could not have  been  used, they would have  broken 
when they came in contact  with the boulders. At  Hodbarrow  every- 
thing depended  upon the spacing of the gauge-piles, and it was 
wonderful how accurately the gauge-piles and sheeting-piles, 
31 feet long, could  be driven  with  very  little  guidance.  All  the piles 
had  been  driven  with  only  one row of walings, so that  the driving 
had needed great care. The  gauge-piles  had  had to be driven 
within  about 3 inch of their  exact positions, for it was clear from the 
section (Figs. 7, Plate 5 )  that if they had  departed  from the per- 
pendicular  much  more than f inch, or 1 inch at   nost ,  either way, 
then  either  the sheet-piles would not have  fitted  into  the grooves to 
the  right  depth, or else there would have been  difficulty in  getting  them 
down. As  a  matter of fact,  very  few of the sheet-piles had  jammed. 
With $regard to  the qcestion of driving  longer  lengths of that 
section, tests  had been  made  more  recently a t  Avonmouth, and  he 
doubted  from the  results  whether  they could  be driven  successfully 
up  to 50 feet or 60 feet. But  at all  events it had  been possible a t  
Millom to  drive  them  to  a  depth of 34 feet in really awkward  ground. 
He  had  no  particulars of the cost with him, but  regarding  the  rate of 
progress Mr. William  Liddle, who had  had  charge of the work through- 
out  for  the contractors, would furnish some information. Had a clay- 
puddle trench been possible through  the whole length of the  Barrier, 
it would doubtless  have been quite  as good as  the sheeting, but  it 
was not possible,  because in some parts  there was nothing  to key 
it into.  Although the concrete blocks  were not novel they  had 
proved highly successful in breaking up  the seas, so that very little 
water,  except in t,he form of spray, passed over the  top of the Barrier, 
even  when it was blowing  very  hard. He  had been very  glad to  hear 
from Mr. Vaughan that  the trouble  which  occurred a t  the hole shown 
on the plan  had been entirely  stopped by the  Outer  Barrier.  That hole 
had  been  carefully filled with clay puddle and  stone  before the Barrier 
was made, and since the completion of the Barrier the stream of water 
which  formerly flowed into  the mine  from that hole had  entirely 
stopped, so that  the sheeting was thoroughly efficient. The  Barrier 
had been  most interesting work to  carry  out,  under  the able  guidance 
of Mr. Matthews  and Mr. Bidwell, and he was sure  that  the 
members would join with the Hodbarrow  Company in feeling satis- 
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Mr. Ellis. faction a t  its success from a commercial point of view, as well as 
interest  in it as a unique piece of engineering. 

Dr. Deacon. Dr. GEORaE F. DEACON considered that  the most valuable part Of 

this valuable Paper was the description of the difficulties met  with 
and  the manner in which they had been overcome. The oozing  of 
water in runlets at  the  inner toe of the embankment, underneath 
the  area where clay was afterwards placed,  was a phenomenon 
which he had observed in more than one place. It was stated  in 
the  Paper  that  no material was removed by those  runlets ; but he 
would like  to  ask  whether  the  Author was quite  certain of that. 
Some years ago Dr. Deacon had been called in to examine a reservoir, 
in  the  outer  toe of which much the same thing had occurred, except 
that  the  runlets were more concentrated,  there being three of them, 
much larger  than  those at Hodbarrow. It was stated  that  no 
material was being removed. H e  went down to  the work and 
found the  usual  signs of a leaky  dam, depressions at the surface 
of the  top of the dam which had been  filled up  many  times, precisely 
over the places where the  runlets would naturally be expected to pass 
through  the  bank  and puddle wall. All who were accustomed to go 
about waterworks  embankments  knew that  that was a not uncommon 
feature. It did not appear to  him possible that those depressions 
could  occur and be filled up so many  times  without  material being 
removed from below. It was  impossible to conceive that  the water, 
merely because it was  flowing very slowly through  those places, carried 
no material  and  yet caused special settlement where the  rest 
of the  embankment was intact  and showed only the  natural 
settlement which occurred in  every embankment  after it was 
constructed. Some experiments were made, and it was found 
that  the smallest possible quantities of silt were being removed. 
All  the puddle was taken  out at great expense, and a fact 
was  discovered  which had been observed in other cases, but 
which might  be new to many members. The manner in which 
a leak of this  kind increased and became serious was  exceedingly 
interesting.  The  first evidence of it might be a very  slight  and 
unobserved percolation of water  from the toe, but  this  gradually 
increased in  volume and became more concentrated. If such a 
leak were followed  back as far as the puddle  trench,  and if it were 
found  to cross the puddle, the manner in  which it did so was very 
instructive. If the commencement of the leakage was recent, the 
cause would  be found at once in some  local defect, such as the washing 
in of sand during bad weather, or even more palpable evidence of the 
neglect of contractors  and  inspectors alike. But, whatever the age 
of the defect: the water w o ~ ~ l d  be found to be percolating through a 
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pipe, as it were, crossing the wall of puddle clay and filled with  sand ; Dr. Deacon. 
and if the leak  were of long standing it would  be found  that  the 
pipe of sand,  instead of being  approximately circular in section, was 
oblong, with its major  axis  nearly vertical. If such  a  leak was  new, 
the pipe of sand  might be only + inch to 1 inch in diameter. It 
was formed  by the slow but  constant washing out of the fine clay 
particles from  between the  grit or sand which the clay contained. 
I n  such cases the  current was never sufficient to carry  the  grit away, 
but,  as  the  very fine silt was removed,  something  had to  take  its 
place. What happened was that  the roof of the  little sand-filled 
tunnel continually fell in,  the  result  being  to produce in course 
of time a vertical fissure filled with  sand, which, in  the particular 
case he was speaking of,  was 44 feet 6 inches  high. In   the same 
embankment was another such fissure, 31 feet high, and each of 
these  varied  between 3 inches and 7 inches in width. I n  another 
embankment,  which  had  leaked  for  many years, he  had  seen a dike 
or blind passage of clean  sand  crossing the puddle trench diagonally, 
and  varying between 18 inches and 2 feet 6 inches in width,  and 
between 6 feet  and 9 feet in height.  The fissure 44 feet 6 inches 
in height  had  extended  to  within 2 feet of the level .to which it had 
been  found  necessary  to lower the water in  the reservoir. The 
embankment  had  stood  for 20 to 25 years ; but how  much of that 
time  had been occupied in forming the fissures no one could say. 
The  point  he wished to emphasize was that  the fissures were  full of 
clean  sand  from  which  every  particle of silt had been washed, 
although the effluent had  always  been  perfectly bright  and clear. 
He was convinced that it was not wise to assume that, because it 
was impossible to detect  by  any  ordinary  experiment  that clay or 
other  material was being  carried  away  by the water, it was there- 
fore  safe  to leave a runlet of that kind. It was not safe, especially 
in puddle  made  from  boulder clay. In   that  case attention was 
required  from the very  beginning. He  did not  doubt for a moment 
that  the precautions that had  been taken  with respect to  the  runlets 
under the Hodbarrow  embankment  were sufficient for the  present ; 
he  only  suggested that  the work  should be watched, and  that if any 
other  runlets of the  kind were  observed outside the  limits of the filled- 
in  clay they should not be neglected.  Boulder  clay  contained  sand 
in  all sorts of proportions,  from  almost  pure  sand,  formed by natural 
washing of the clay and  often  forming  parts of masses  geologically 
known as boulder clay, down to 5 per cent. or 10 per cent. In   the 
case under  discussion the engineers  had  had three of the most 
awkward things  in  Nature  to  deal with-carboniferous  limestone, 
sand  and  boulder clay. I n  natural boulder clay dikes of sand  were 
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Dr. Deacon. often the equivalent of the leakage  dikes in  an artificial puddle wall ; 
the difference  being that, owing to  the irregular  disposition of the 
sand  contained in  the clay and  the presence of large  boulders,  they 
assumed all  sorts of irregular  shapes, but never, so far  as  he knew, 
that of the vertical sand-filled fissures found in well-puddled clay. 
He  noticed that quicksand was tapped in  the Hodbarrow  mine 
between the sea and  the  underground workings in 1898; he SUS- 
pected that  that quicksand was in  the boulder clay formation,  and 
he would like to know if he was right. The  work was  obviously 
justified by the magnitude of the  interests at stake,  and he had  no 
doubt whatever that it would  be  successful so long as  the  under- 
ground  workings  were not  brought  too close to  the  Barrier. Many 
years  must  elapse  before it was approached, and  he only  suggested, 
what  he  had  no  doubt would take place, that  great watchfulness 
should be exercised. 

Hr. Liddle. Mr. WM. LIDDLE observed that  the prevailing  wind a t  Millom  was 
from the south-west, and  the  Barrier had now weathered the  storms 
of two  winters  and was still  intact,  not  a  stone having  been moved 
nor  a block shifted.  Moreover, during  its construction the  Barrier 
had  been  subjected to one or two  very  severe gales, one in particular 
he would like  to mention. It occurred  on the  27th  February,  1903. 
On the evening of the 26th  a  south-westerly  gale  sprang  up, and by 
5 o’clock on the following  morning the wind  had attained  a velocity 
of 100 miles per  hour. Some members  might  remember that on 
that occasion the mail train which left  Euston a t  midnight was 
overturned  with  all  its  passengers  on  the  Leven  Viaduct  near 
Ulverston,  about  15 miles farther  up  the bay than  the Hodbarrow 
works. That  fact  afforded  a  fair indication of the  strength of the 
gale. On that occasion the  Barrier, so far  as  then completed, came 
through  the ordeal  with flying colours : everything  remained  intact, 
not even the  staging being  damaged.  Therefore the Barrier  must be 
considered to be sea-proof. He thought  that  a  fair way to look at  the 
cost of it was in  terms of the  amount of hzmatite ore  expected to 
be  won from the reclaimed  area, and on that basis the cost  came out 
a t  about 8d. per  ton. He  did not  think  that was a  high roydty  to 
pay for the benefits received, including the prolongation of the 
life of the mine  for  another  35 years. Mr. Matthews  had  found 
very good boulder clay, singularly  free  from  sand, which had 
made  excellent  puddle and  very good filling. He had also found 
a t  hand limestone-of somewhat  higher specific gravity than usual, 
owing to  the presence of iron-and gravel of very good quality. The 
fact of those  materials  being  available  on  the  site  and free of cost 
had of course  made  for economy. In  fact,  all that had had t o  be 
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purchased was cement, steel piles, and  a  little  timber.  From be- xr.Lid&Ie. 
ginning  to  end  the gauge of the progress  had been the  rate of driving 
the steel piles, and  the revised  design  had lent itself in  an  eminent 
degree to rapid  execution. After 2 or 3 months’  experience, 
the workmen  had  got the gauge-piles down very  accurately. 
Indeed, he had  no  hesitation in saying that if it were  possible 
to reach their  points it would  be found that  the extreme  variation 
between the  centres of gauge-piles  did not exceed 4 inch. The piling 
was self-checking. If by any chance  two  gauge-piles  were  too far 
apart at   the bottom, the neighbouring piles  would  be too close, with 
the result that  the sheet-pile could not be driven,  as it would begin 
to bite in  the grooves.  One or two cases of that  sort had  occurred, 
which had been rectified a t  once. What appealed to him was the 
very  broad  point  given to  the sheet-piles, 12 inches wide. He  
thought  that was quite  the correct  thing, because such  points  either 
penetrated the ground or stopped absolutely. If they stopped, the 
workmen  knew  immediately that a  boulder  had  been  met, and  they 
drew the pile and  dealt  with the boulder. On no occasion had  the 
points of those piles  evinced the  slightest tendency to buckle. Had  they 
buckled, it would have  been impossible to draw  them in  the ordinary 
way. This could only  have  been  done  by stripping off the  angle-bar 
and  taking  out  the pile. When it was borne in mind that all the piling 
had  had to be done  as tidal work, and  that on  many occasions, a t  low 
water of neap tides, it had  been impossible to work  longer than about 
5 hour, it could  be understood that it was highly essential to 
have  a  simple  system of piling ; and he  ventured to say that 
Mr.  Matthews’s  design could not be improved  upon. On 
many occasions the full  battery of forty boilers, six or seven 
locomotives, and 400 or 500 men went down to drive piles and 
found the  tide  had  not receded  from the piling-line-in fact,  that 
the  tide was beginning to flow  again-and they  all had to come back, 
having  incurred  heavy  expense  without  doing a stroke of work. He 
was sure  that  but for the simple  design of sheet-piling  the  Hodbarrow 
Barrier would not have  been finished in  the contract  time,  instead 
of being  completed well within it, notwithstanding the facts 
that a good deal  more  work  had  been  done than was originally 
contemplated, and  that  there had  been  delay  incidental to changing 
the design  from the puddle trench  to  steel piles. Mr. Vaughan 
had  intended to say  a few  words about the system  adopted a t  
Hodbarrow  for  winning the ore, and a t  his  request Mr. Liddle 
would give some details of the method.  The  ore-body at  Hodbarrow 
was  of very  varying  thickness,  but the average  might be taken  as 
80 feet,  with  a maximum of about 100 feet. It was  worked in 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



204 DISCUSSION ON THE OUTER BARRIER, [Minutes of 

Mr. Iiddle. three horizontal planes, about 25 feet vertically from floor to floor. 
The work was pushed  ahead  on the upper  plane first of all ; parallel 
headings  were  driven,  38  feet  between  centres and 8 feet wide, and 
a t  every 38 feet cross drifts were  driven,  thus blocking out the 
area  after  the fashion of a chess-board. Rises were then driven ; 
they were  8 feet by 5 feet,  and were carried up  to  the  under- 
side of the overlying  limestone ; then  drifts were  driven through 
those  again, so as to form the  tops of the pillars. The pillars 
left  by  this system of headings and cross drifts were 30 feet 
square,  and  those a t  the different levels were vertically over 
each  other.  The  next process  was to  rob  the pillars. The  ore 
was extracted in slices of 9  feet a t  a time-9 feet wide, 9  feet 
long, and 9 feet  high;  and  as  the ore was taken  out, larch  bars 
were put  in  to  support  the roof temporarily.  By-and-by  these 
bars yielded, thus allowing the roof to subside  gradually.  The 
process  was carried  on in  that manner  from the roof  of the ore 
body right down to  the floor, and  the  result was the broken 
ground  shown in Fig. 1, Plate 4. The whole of the workings 
were  worked  from the  land side towards the sea. When  the  Outer 
Barrier was within  measurable  distance of being finished-about 
a year before it was actually closed--Lord Lonsdale gave permission 
for  an  extension of the old headings  under the old sea-wall  towards 
the new barrier.  By  the  time that  barrier was actually closed 
those  headings  had  extended out  about 700 feet,  all in solid ore. 
Now the headings had extended out  for 900 feet,  and  on  the 
west side of the barrier  the  extreme  limit of the ore-body had 
already  been  reached ; but on the  east side, a t  a distance of 700 feet 
from  the  central heading, the  limit had not  yet been reached,  and 
the heading was still  in good  solid ore. H e  thought that must be 
very satisfactory to  the owners of the mine,  The  pumping-plant 
was excellent. The  three pumps, of the Cornish  type,  had 
cylinders 70 inches in diameter  and 9 feet  stroke,  and were 
capable of dealing  with 2,000 gallons  per  minute. Until  about 
10 years  ago the  amount of water  usually  dealt with was about 
4,000 gallons  per  minute, but a t  the  present  time it was only  about 
1,200 gallons. Mr. Vaughan  had  informed  him that  during  the 
last 12 months  the  amount of water  to be dealt  with  had  considerably 
decreased, so that he thought Mr. Matthews  must be congratulated 
on  having  built  a  water-tight  barrier. 

Mr. Hawksley. Mr.  CEARLES HAWKSLEY, Past-President,  had listened to  the 
Paper  with  great pleasure,  because it appeared to him to be a model 
of what such a Paper should be. It described not only the object of 
the work, but also the successive steps which  had been taken  to achieve 
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that object, and  in  particular it gave  a clear description of all  the Mr.Bawksler. 
difficulties  encountered, and how they had  been overcome by  degrees, 
He  gathered  from  remarks  made  by Mr. Vaughan that it was intended 
to work the ore  by the long-wall  system, as it was  called in coal- 
mining. That, of course, must  have the effect of letting down the 
bed of the sea, and, even if the  sand should descend, as it probably 
would, it might be that  the mines would  become  flooded. Mr. 
Vaughan  considered it was  sufficient to look 30 years  ahead ; of 
course, that was a  long time  in  the life of a  man, but perhaps not so 
very  long in  the life of an  important  undertaking such as  that of 
the Hodbarrow  Mining Company. Therefore, it had  occurred to 
him that,  in view of the possibility of the company  obtaining 
a lease of additional  ore  on the seaward side, it might be desirable 
that, before letting down the bed of the sea, at  least two galleries 
should be formed  by  leaving in ore, or in some other way  support- 
ing  the bed, so as to provide access hereafter  to  any  additional  take 
of ore that might be secured to  the  south of the  present  limit. 
That  might  not be very difficult of achievement,  although it would 
necessarily be somewhat costly ; but,  having  in view the amount of 
ore that might be obtained, it was perhaps  worthy of consideration. 

the  fact  that even  engineering  firms of long standing became  wiser 
as they grew  older ; for it was clear that  the design of that wall  was 
open to improvement, and  that it would have  been quite imprac- 
ticable to carry it farther. He desired to know  whether,  before 
making the large sacrifice in connection  with the clay apron, 
consideration  had been given to  the question of the possibility 
of attempting  to  stop  the  runlets by  steel piling or otherwise. 
He was of course  aware of the difficulties in dealing  with the 
sea on the  outer side of the  Barrier ; but it would  be interesting 
to know if the possibility of some alternative  to sacrificing 4 acres 
inside the  area, at a place where the ore was fairly  deep,  had  been 
considered.  Another  point  he  had  noticed was the somewhat 
ingenious  arrangement of the big blocks in  front of the sea-wall, 
which  was intermediate  between  the old method of putting blocks 
one  on top of the  other  with geometrical  precision and  the pell- 
me11 system  adopted  by  the  French in breakwaters. H0 thought 
that, by hitting  the mean,  Mr.  Matthews  had  made an important 
improvement in using blocks  economically,  because had  they 
been thrown pell-mell many more  would have  been  required, 
and  no  doubt  they would have cost  more to maintain,  as  such blocks 
were  never  very  permanent. He had  noticed  several  times in  the 
harbours of the  Mediterranean that blocks  displaced  by heavy 

Mr. JANES C. INGLIS remarked that  the old sea-wall  pointed to  Mr. Inglis. 
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M~foglis.  storms were  constantly  having to be replaced. The  arrangement 
adopted a t  Hodbarrow  had overcome  much of that trouble. He  
thought  the cost of setting  the blocks in  that fashion was  well worth 
the advantage  which it gave. The  interesting  remarks of Mr.  Ellis 
and Mr. Liddle  had  suggested to him the question  whether  experi- 
ments  had been made in driving the steel piles with monkeys of 
greater weight tha.n usual. The piles were quite different from 
ordinary piles, and perhaps,  having  regard to  their  indestructible 
character,  heavier  strokes than usual  might  have  been applied. The 
precautions taken  to  ascertain beforehand the character of the ground 
seemed to have  been  very elaborate, but  the  longitudinal section 
showed that  they  might  with  advantage have  been much  more so. 
No doubt  many engineers  were  acquainted  with  big disputes, in 
which many  unkind  things had been said,  arising  out of the freaks of 
ground  between successive borings.  Although the  Paper had not 
increased the  reputation of borings, it would  cause engineers to look 
more  kindly  upon  them  when  they  did prove a little misleading. 

Mr Brown. Mr. P. B. BROWN remarked that if there was any  fault  in  the 
excellent Paper  under  discussion it was the fact that some of the diffi- 
culties in connection with  the  pile-driving  had been  somewhat glossed 
over. It was stated  that difficulty had been experienced in driving 
the steel piles owing to  the bolts  and  fastenings of the monkeys soon 
becoming  crystalline  and  breaking,  and that  this difficulty had been 
overcome partly by introducing  rubber  cushions  between the  fasten- 
ings  and  the monkeys. It had  been  his fortune  to be responsible  for 
the manufacture of some of the monkeys used in  the work. At first 
monkeys of the  ordinary  steel  type were  used, but  they  lasted only 
a short  time.  Then Messrs. Hadfield  were  asked to  manufacture 
similar  monkeys in cast steel, and  those also broke  very soon. It 
was suggested that possibly they were not sound, and  great care was 
therefore  taken in  the execution of the  next  order;  but these also 
broke.  A  number of monkeys were then made,  using three  different 
kinds of steel ; one an exceedingly mild steel, with  about 0 . 2  per cent. 
carbon ; an intermediate  quality, which corresponded  with the first, 
with  about 0 * 35 per  cent.  carbon ; and  another  with  about 0 * 7 per 
cent. carbon. Strange  to say, all  three  kinds lasted only for a very 
short  time. It could  well  be understood, however, that  the  jar on the 
monkeys was very  severe  when in some  cases it took  one  hundred and 
sixty blows to drive a pile through 1 inch. He visited the work in 
progress to look into  the  matter,  and  he could not find any defects 
in  the castings ; they were  perfectly  sound in every respect. He  
could only come to  the conclusion that  the design was not  suitable 
for such  heavy  work, The first  monkeys  were of the usual design, 
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weighing 30 cwt.  each,  about 14 inches  square at   the bottom, and Mr. Brown. 
12 inches  square at   the top.  There were  two  square  holes through 
each  for  carrying the tee-bolts acting  as guides. I n  each case 
the monkey  broke across the  line marked z in Fig. 13 (a) ,  and 
presented  a  smooth  fracture, as if cut by a knife, no crystals 
showing a t  all: this  indicated  that  the  fracture was due to severe 
compression. After  thinking  the  matter over, he came to  the 
conclusion that  the  jar on the monkey was so severe as to 
destroy the adhesion of the  crystals of the steel, and,  in  order  to 
overcome the difficulty, he  made a suggestion  which fortunately 
worked out well. He  suggested that  the difficulty might  be  got 
over by  adopting a principle well known to  manufacturers of pro- 
jectiles, namely,  keeping the weight as far  as possible in  the head. 

Figs. 13. 

I Lx: 

Some monkeys  were  made in  that way, keeping the two bolt-holes as 
near the  top as possible, and  the  bulk of the weight below (Fig. 13 a). 
The success of that plan  might be judged  by the  fact  that  no more 
monkeys  were  ordered  on the contract ; and  he was  pleased to  hear 
from Mr. Liddle that no further  trouble  had been  experienced.  They 
were  made of the same class of steel as those of the  f is t  design 
that failed. 

Paper of the possibility of corrosion of the piles. Buried as they were 
under a large  mass of material, if corrosion  took place a t  any  future 
time  the effects might be very serious. As  the filling pile was compara- 
tively thin it did  not seem clear that  the life of the piling would  be 
very long. I n  America  many  kinds of steel piles had  been  used of 
late years, especially two called the  Friestedt " and " U.S." steel 

Mr. C. H. COLSON pointed out no mention  had been made in  the Mr. Colson 
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Mr. Colson. piles, which  seemed to possess advantages  over the pile used a t  
Hodbarrow, because they did not  require  any guide-piles, one pile 
following  on another  without  any difficulty. Some of the difficulties 
found  in  getting  the guide-piles down a t  such  exact  intervals  might 
have  been overcome by  the use of the American piles. 

Mr. Inglis. Mr. JAMES C. INGLIS thought, from an experiment  he  had  made, 
that  the peculiar fracture  referred to by Mr. Brown  might be due 
to  the meeting of vibratory waves. He  had  experimented  on that 
point  by  letting a 97-lb. rail fall from  a  height of 14  feet  on to a 
huge block of cast  iron  made  for the purpose,  having  on its surface 
undulations  spaced a t  about  the  ordinary distance apart of chairs 
on a railway-track,  great  care  being  taken t o  ensure the  rail falling 
as horizontally as possible. The  end of the rail,  which was quite  a 
sound  one,  fractured at  the first blow about 18 inches  from the  end, 
and  the  fracture was exactly  as  had  been described-a perfectly clean, 
fine-grained fracture of Bessemer steel. The  only  explanation he 
could think of was that  the vibrations  set  up  by the impingement 
of the  rail  on  the block of cast  iron ran  to  the  end of the  rail  and 
came  back and  met  others,  and that where they met the rail fractured. 
There was no flaw or impurity  to  initiate  the crack at   that  par- 
ticular place. The  overhang of the end of the  rail was about 
16 inches, and  the  rail  broke  just over the  last projection  on the 
block. 

Sir Alexander Sir ALEXANDER KENNEDY, Vice-President,  asked Mr. Brown 
Iiennedy. whether  he  had  intentionally  shown the holes in  the monkey  round 

in one of his  sketches (Figs. 13) and  square  in  the  other. 
Mr. Brown. Mr. BROWN replied that  the shape of the holes  had been altered to 

prevent  the  injurious crystallization which occurred  when a square 
core  was put  in a casting. The holes  had  been  made  round,  with a 
square a t  one  end in order to prevent the keys  from turning. 

Dr. Deacon. Dr. DEACON asked the  Author  to  state  whether  the  particular 
boulder  clay  through  ,which the piles had been driven  contained 
large  boulders or not. 

The Author. The  AUTHOR, in reply, could hardly give a definite answer to Mr. 
Fitzmaurice’s  question  whether in  future, should another  barrier 
have to be carried  out,  puddle  trench and pitch-pine piling would 
be abandoned in favour of steel piling. So far  as experience  went, 
the puddle trench  and  the  pitch-pine  piling  had been  perfectly 
successful, and  the  portion of the  Barrier executed  with  those 
materials was water-tight. Nor could he  very well say  anything 
with  regard to  the cost of the piling, as it had  depended  on so many 
things. For the same  reason it was  difficult to compare the costs of 
the different kinds of cut-off,  conditions  having  varied so greatly. 
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The  rate of progress  with the steel  piling ha.d  been about  a pile and  a The Author. 
half per tide  per  engine ; in  the pitch-pine piling and puddle trench 
it had  varied  very  considerably. He  thought experience showed 
that it was doubtful  whether piles more than 40 feet long could 
be driven  accurately.  The Barrier had  gradually  subsided  into 
the sand  as  anticipated ; a certain  amount of subsidence had 
been  allowed for,  and  there had been no  subsidence beyond that. 
Some very  heavy  gales had occurred during  the progress of the 
work, and  nothing  had been shifted. The blocks had  naturally 
subsided  a little  into  the  sand from their own weight after being set, 
but no  further  disturbance of material  had  taken place. With 
regard to Dr. Deacon’s  remarks as  to  the removal of material,  the 
runlets  had been  watched  very carefully, and a t  no  time  had it been 
possible to detect  anything being  carried  away. No depression  had 
occurred a t  any  time  in  the work. He thought it might safely be 
said that  the water was not coming down through the clay. Had 
it been so, these  manifestations  would  presumably  have  been  found 
a t  other points, and  not only  where the bottom was known to be 
treacherous.  The  clay  puddle was excellent, and  the  ordinary clay 
itself became puddle after a very short time. At  various  times 
during  the progress of the work pits had been cut  into  the clay to 
ascertain how the work  had  consolidated, and of what  character it 
was ; and it had  been  found that  the whole clay hearting  had 
become practically puddle.  The  boulders in  the boulder clay  were 
all of granite  and  had  apparently been ice-borne a t  some period ; 
there were  many  indications of ice striation on the limestone  laid 
bare a t  one part of the work, and  the boulders were similar to 
those  which  occurred in  the Eskdale  Hills, some  miles away.  They 
varied in size from a couple of fists to 2 or 3 cubic feet.  The 
extremely slow progress  mentioned  had  occurred  when  a  boulder 
had been  met  with. When  the presence of an obstruction of that 
kind had been ascertained  means  had  been taken  to remove it. The 
question of dealing  with the small runnels had  been discussed, and 
it had  been  concluded that  the plan  adopted would be the correct 
one. No sacrifice of ground was entailed by it, as  there was practi- 
cally no  ore  under that  part of the enclosed area (see Figs. 1 and 3, 
Plate 4). The  monkey  first  used  had weighed 34 cwt.,  which had 
afterwards been reduced to 30 cwt. The force of the blow had been 
settled  by  trial.  The  monkeys  had been of cast steel a t  first, and 
subsequently of the toughened  steel  described in  the  Paper  and 
mentioned  by Mr. Brown.  The Author  thought  that  in  driving 
successive  piles without  any gauge-piles there would  be very  little 
check  on the accuracy of the work  with nothing on  one side. That 
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The Author. had been  found in  the first experimental bay. The flat sheet-pile, 
guided  only  on  one side, went  out of line,  and did not form a 
successful cut-off. The  gauge-piles .seemed to have  rendered the 
driving  accurate, and  to have  guided the intervening sheet-piles 
very closely. He  had  strong  doubts  whether piles guided on one 
side would have  been successful. It was not  anticipated that 
corrosion would take place to any serious  extent, it having  been 
generally  found,  he believed, that it did not occur in  the case of iron 
buried in  this way. Having had occasion to demolish structures of 
iron  in  the sea, he  had  found that while the upper  portion of piles, 
especially the part within the  tidal range,  had  corroded seriously, 
little or no  deterioration  had  occurred in  the  part below the surface 
of the ground. 

Correspondence. 
Mr. Brodie. Mr. JOHN S. BRODIE considered the  Paper most interesting,  as 

describing  what was not only a structure  for sea-defence, but also n 
work  which  presented to a large  extent  the problems  involved 
in  the construction of a water-tight  dam  for a reservoir  on  very 
pervious strata. It appeared that  the borings taken originally a t  
intervals of 600 feet  were  much  too far  apart. It was  well known 
to those who had to carry  out  structures in  the proximity of 
hsmatite deposits that  the stratification was almost  always  very 
irregular,  and borings a t  such  a  wide interval would  be of little use 
when the work came to be executed.  The  experience  gained in  the 
actual  construction of the  Barrier  fully bore out  what  might  have been 
anticipated  in  this respect. It was open to criticism whether the 
cut-off  under the centre of the clay embankment was really 
necessary. It must be remembered that  the problem in  this case 
was not simply to  make a dam,  as  such,  perfectly  water-tight ; for 
although  a cut-off had been provided by means of a  puddle 
trench  tied  into  the clay, and by the  timber  and  steel sheet-piling, 
yet,  bearing in mind that mining-operations would  be carried out 
under  the  surface of the foreshore to a depth of probably 10 to l5 
fathoms, the water-tightness,  either of the dam itself or of its key 
into  the clay,  by no  means  guaranteed the  shutting-out of the sea 
from the mine-workings. Strata  might  exist  underneath  the 
clay bed-as in 1898 in connection  with the original sea-wall- 
which  would not be  affected  by the  water-tightness of the dam 
or of the  piling  underneath it. It therefore  appeared that  an 
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